The maize Adhl gene is introduced, with citations. The use of this gene as a mutagen monitor is discussed, with emphasis on differentiating quantitative and qualitative parameters. A proper assessment of hazard from environmental poilutants requires data on possible mutagen specificities for different kinds of DNA.
Introduction
The value of a biological monitor of environmental mutagens depends on the mutagenicity parameter to be measured. The environment may be assessed for the presence of mutagenic activity, the quantity of mutagenic activity, the molecular nature of the mutagens, or the molecular nature of the induced lesions and their genetic consequences. This paper has two objectives. First, I will present relevant results and citations on the maize alcohol dehydrogenase-l gene (Adhl gene; ADH enzyme, EC 1.1.1.1.) and its product. The use ofAdhl as a qualitative as well as quantitative monitor of mutagenicity will be discussed. Second, what little is known as to the nature of the gene in higher organisms, and my assumption that lesions in regulatory DNA components rather than structural gene components may preferentially cause birth defects and cancer, are woven into an argument for developing qualitative genetic monitors of the environment. Both of these objectives lend themselves to propagandizing. It is extraordinarily difficult to obtain data which prove that particular pollutants do or do not cause birth defects or cancer in people.
The Adhl Gene and Its Product
In 1966, Schwartz (1) , and Scandalios (2) reported finding ADH allozyme variants. Schwartz (1, 3) used these variants to define the Adhl gene, which was then mapped on the long arm of chromosome 1, * Genetics Department, University of California, Berkeley, California 94720. within 2 map units of Knotted and lemon-white. This gene specifies the major ADH activity of the quiescent embryo (largely scutellum, a storage organ) and the pollen grain. ADH is dimeric, with a MW variously estimated at 60,000 or 80,000 (4, 5) . The abbreviation used for this enzyme is ADHl ADHI. Such a descriptive nomenclature is necessary to avoid confusion with other dimeric ADH isozymes present in other tissues, or in response to anaerobic conditions (6) .
The ADHl ADHI enzyme is stable, relatively easy to purify, and is amenable to virtually all of the techniques of protein chemistry. Being in maize, Adhl benefits from a distinguished history and, consequently, established cytogenetic protocol.
ADH in Pollen Grains
A typical maize plant sheds 107 monoploid, trinucleate gametophytes. Using pollen shed from plants of the genotype Adhl+IAdhl-, where the negative mutant fails to express product, we developed an in situ, cytochemical stain for pollen ADH. The result was that half of the pollen grains stained yellow and translucent (ADH-) while the other half stained blue and opaque (ADH+) (7), as shown in Figure 1 .
Owing to the availability of about two dozen ethyl methanesulfonate-induced, biochemically characterized, Adhl-mutants (from Drew Schwartz, largely unpublished; method of recovery given in ref. 8) , I was able to quantify reversion and intragenic recombination frequencies (7, 9 There are at least two drawbacks to using the maize Adhl gene as a quantitative monitor, apart form the general pitfalls of reversion assays. For most purposes, the His reversion system in Salmonella, developed by Ames and associates (10) or similar microbial systems, seems preferable because the exact molecular nature of the point, intragenic mutants (e.g., GC transitions, deletion frame-shift) has been established. However, since crop plants may convert innocuous chemicals into stable mutagens which at least have a chance to contaminate our food sources (11) , there are cases where crop plant systems are required. It is not clear how many mitoses intervene between the zygote and a mature pollen grain because germ-cell determination happens late and erratically during development. In addition, the stages of meiosis are not synchronous within a tassel. Therefore, calculation of true mutation rates (Adhl--* ADH+ v cell-generation-') is not possible. Since different developmental stages are known to be associated with different propensities for mutation, repair and recombination, if environmental mutagenic activity were not evenly and continuously present, the Adhi system could generate much noise. There is no question that maize Adhl, along with other plant germ cell systems, is simply more difficult to quantify meaningfully as compared to microbial test systems.
Reversion Analyses Are Biased
Monitors which utilize gene reversions exclusively suffer from a major shortcoming: only lesions capable of reverting the original mutant sites are detected. Since point-mutants are generally recognized and chosen based on altered enzymes or polypeptides, reversion tests are biased toward the structural gene components of the genome.
Nature of the Gene in Higher Organisms
For the purposes of this paper, a "gene" is fined as a single, simple complementation gri synonymous with the original meaning of the X "'cistron" (12) . The gene is composed of a struc gene component, containing the information fo primary structure of the polypeptide and adja cis-acting regulatory gene component(s). Su gene is diagrammed in Figure 2 . The evidenc( the existence of cis-acting receptors within the is still fragmentary (13) (14) (15) .
Maize contains about 4 pg of DNA in an unr cated, monoploid nucleus (16 out gross chromosomal abnormalities, we are able chemically to select rare, transmissible, Adhldefective mutants from among millions of wild-type pollen.
ADH-pollen grains survive concentrations of allyl alcohol (C = C -C -OH) vapor which kill almost all ADH+ gametophytes (22) (23) (24) . This chemical selection system has been used to recover Adhldeficient mutants which arose spontaneously and which were induced with ionizing radiation (15) . Our procedure is diagrammed in Figure 3 . Central to this protocol is to mark the male (target) and female (tester) parents with different electrophoretically detectable Adhl alleles. This allows each presumptive mutant F1 to be analyzed for ADHI:ADHI allozymes; slivers of scutellum are extracted without lowering the viability of the F1 seed. Mutants are confirmed on the basis of aberrant allozyme profiles (Fig. 3 After a prospective Adhl-mutant pollen grain is recovered in rare F, seeds, the seed is analyzed for ADH1 allozyme profile (Fig. 3) . A sliver of scutellum is extracted and subjected to electrophoresis in *starch gel; this process does not kill the seed. On the basis of the allozyme profile, the Adhl-mutant may be placed into one of several classes (15): haploid, AdhI-dysfunction, underproducer, overproducer, charge change of product, low stability of homodimer only, and others. After this primitive protein level classification, mutants may be subjected to one or more of the tests which follow.
If the Adhl-mutant is dysfunctional in all organs tested (scutellum, root and pollen), then genetical tests are most valuable. Environmental Health Perspectives (27) . These advantages are particularly relevant since every clear case for an artificially induced regulatory mutant in higher organisms seems to involve chromosome breaks (15) .
Frequency of Revertants and Their Analysis. Pollen analysis, as described previously in this paper, is able to resolve reversion frequencies at 1O7. Deletions ofAdhi should be nonrevertible. Insertional mutants, on the other hand, might be highly revertible.
We have not yet developed a reliable chemical selection scheme permitting the recovery of rare ADH+ revertants or recombinants in a background of ADH-gametophytes.
Intragenic Recombinational Tests. The new mutant could be crossed with a series of known EMS-induced point-mutants within Adhi and assessed for ability to recombine intragenically using methods described previously. A short deletion might be expected to recombine with some of these point-mutants, but not all; rationale of deletion mapping is from Benzer (12) . If some ADH product is made by the mutant allele, then conventional enzymology and protein chemistry can be used to detect a primary structure difference and, thus, a difference in the structural genes.
Electrophoretic Mobility, Thermolability, K, and Vm. If the mutant ADHI subunits are altered in these functional parameters, a damaged structural gene component would be indicated. Laughner (28) Figure 4 is an x-ray film autoradiograph of a slot from such a dried native gel; ADHI * ADH1 band is marked. Sachs' methods allow us to detect all mutant ADH1 product, including fragments, given that they are not quickly turned over by the cell. Further, rates of ADH synthesis supported by a mutant allele may be measured directly.
Peptide Maps and Sequencing. Felder, Scandalios, and Liu (4) have estimated that ADH1 polypeptides contain 32 lysines and arginines; the estimated maximum number of tryptic peptides is 33. Peptide maps are now in progress; no part of maize ADHI has been sequenced, and terminal amino acid data have not been published.
In the case that mutant alleles of Adhl appear to specify nonmutant polypeptides, additional tests may be employed. Several of our underproducer and overproducer Adhl mutants induced by accelerated neon-20 are of this regulatory type.
Organ Specificity of Mutant Expression. A mutant may be over-or under-expressed in one organ but not in another. James C. Woodman, in this laboratory, has shown that several Adhl variants and a mutant are underproduced in one organ but reciprocally overproduced in another; this phenomenon has been called the "reciprocal effect" (31) . I have compiled some relevant citations on the subject of organ-specific, specific gene variants and mutants in a recent publication (16 
Maize Adhl as a Qualitative Monitor of Environmental Mutagens
No chemical mutagens or carcinogens have been used with our pollen technologies. Chemicals known to be environmental pollutants could be introduced into the developing corn plant in several ways: absorption through roots; injection into vascular system; injection into absorbent material implanted next to the immature tassel; or fumigation of the upper plant. The resultant mutants would be chemically selected, recovered and analyzed extensively in order to establish a spectrum of mutant types caused by a mutagen, and the ratio among these types; quantitative reversion or forward mutation assays might be run concomitantly.
I think that the maize Adhl system should be taken seriously as one of several ways to obtain data on the molecular nature of lesions caused by environmental mutagens, especially those suspected of causing birth defects and cancer. My argument is not complicated. Higher plants, like mammals, display the classical embryological phenomena of determination, competence and cell heredity, and their genome organization is typically "'higher organism" (e.g. cotton) (35) . No animal systems, with the exception of a few genes in Drosophila (e.g. rosy and Adh) even come close to the mutant analytical power afforded by the maize Adhl systems; however, extrapolations from the results of Illmansee and Mintz (36) on recovery of individual testicular carcinoma cells via allophenic mice looks promising. Perhaps maize Adhl will tell us eventually whether or not certain chemicals cause particular regulatory-type mutants while other chemicals confine their lesions to structural gene components. It is at least reasonable to entertain the notion that birth defects and cancer may be mediated preferentially by lesions in regulatory DNA. Chemicals specific to or acting preferentially on regulatory components would not be detected by point-mutant reversion monitor, and might be a great danger for society.
